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Abstract
Objective—There are increasing global concerns about improving the dietary intakes of children
and adolescents. In the United States (U.S.) the focus is on reducing energy from foods and
beverages that provide empty calories from solid fats and added sugars (SoFAS). We examine
trends in intakes and sources of solid fat and added sugars among U.S. 2- to 18- year olds from
1994-2010.
Methods—Data from five nationally representative surveys, the Continuing Survey of Food
Intakes by Individuals Surveys (1994-1996) and the What We Eat In America, National Health
and Nutrition Examination Surveys (2003-2004, 2005-2006, 2007-2008 and 2009-2010) were
used to examine key food sources and energy from solid fats and added sugars. Sample sizes
ranged from 2,594 to 8,259 per survey period, for a total of 17,268 observations across the five
surveys. Food files were linked over time to create comparable food groups and nutrient values.
Differences were examined by age, race/ethnicity and family income.
Results—Daily intake of energy from SoFAS among U.S. 2-18 year olds decreased from
1994-2010, with declines primarily detected in the recent time periods. Solid fats accounted for a
greater proportion of total energy intake than did added sugars.
Conclusions—Although the consumption of solid fats and added sugars among children and
adolescents in the United States decreased between 1994–1998 and 2009–2010, mean intakes
continue to exceed recommended limits.
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INTRODUCTION
There are increasing global concerns about improving the dietary intakes of children and
adolescents. The World Health Organization Global Strategy on Diet, Physical Activity and
Health recommends limiting intakes of free (added) sugars, saturated fat and sodium,
increasing consumption of fruits and vegetables, and legumes, whole grains and nuts and
eliminating trans-fatty acids 1. In the United States (U.S.), diet quality has been linked with
concern not only for pediatric overweight and obesity but also for increasing pediatric
nutrition-related cardiometabolic problems.2-5 Reducing excessive energy intake has thus
become a major goal in the U.S., highlighted by the Dietary Guidelines for Americans.6
While slightly different from global recommendations, the Dietary Guidelines for
Corresponding author: Meghan Slining Ph.D. M.P.H., Research Assistant Professor, Department of Nutrition, Gillings School of
Global Public Health, University of North Carolina at Chapel Hill, Mailing Address: University Square, CB#8120, 123 West Franklin
Street, Chapel Hill, NC 27516-3997, Phone: 919-962-6115, Fax: 919-966-9159, slining@unc.edu.
None of the authors have conflict of interests of any type with respect to this manuscript.
NIH Public Access
Author Manuscript
Pediatr Obes. Author manuscript; available in PMC 2014 August 01.
Published in final edited form as:













Americans emphasize the need to reduce energy from foods and beverages that provide
empty calories from solid fats and added sugars (SoFAS). There is general agreement
among nutrition scholars that unhealthy fats and added sugars are key sources of surplus
energy intake and overall indicators of unhealthy dietary patterns.1, 7, 8
Although the percent of daily calories consumed from added sugars has declined between
1999–2000 and 2007–2008,9 scholars have shown that U.S. children and adolescents still
consumed excessive added sugars in 2005-2008.10 Reported intakes of solid fats among
U.S. children and adolescents in 2003-2004 also exceeded allowance levels,11 though
analyses on trends in solid fat intakes over the previous decade do not exist. The present
study incorporates the most recent nationally representative dietary intake data from
2009-2010 to expand our understanding of the trends in both solid fats and added sugars
consumption among U.S. children and adolescents.
This study highlights 15 year trends in SoFAS consumption among U.S. children age 2-18.
Using five nationally representative surveys of food intake in the U.S. we report average
daily intakes of solid fat and added sugars as well as the percentage of total energy intake
from solid fat and added sugars and examine differential trends among age, race/ethnic and
income subpopulations.
METHODS
Data Sources and Samples
We used cross-sectional data on children and adolescents ages 2-18 years from five
nationally representative surveys of food intake in the United States: the Continuing Survey
of Food Intakes by Individuals Surveys (CSFII) 1994 to 1996 (CSFII 96, n=8,259) and the
National Health and Nutrition Examination Surveys (NHANES) 2003 to 2004 (NHANES
04, n=3,435), 2005 to 2006 (NHANES 06, n=3,652), 2007 to 2008 (NHANES 08, n=2,594)
and 2009 to 2010 (NHANES 10, n=2,763). Detailed information about the operation of each
survey and its sampling design has been published elsewhere.12-16 The results were
weighted using the NHANES examination sample weights to provide nationally
representative information on American’s food and nutrient intakes at the time of the survey
and to adjust for the complex sample design of NHANES.
Dietary Intake
Data from two 24-hour recalls were collected using the United States Department of
Agriculture (USDA) Automated Multiple-Pass Method (AMPM).17 This 5-step dietary
interview process includes multiple passes through the 24 h of the previous day, during
which respondents receive cues to help them remember and describe foods they consumed.
The Day 1 interview was conducted in person in a Mobile Examination Center and was used
for this study. For the CSFII 1994-1996 and 1998, the main meal planner/preparer within a
household reported for children less than 12 years of age. For the What We Eat in America
(WWEIA), NHANES 2003-2004, 2005-2006, 2007-2008 and 2009-2010 survey participants
aged 12 years and older completed the dietary interview on their own, proxy-assisted
interviews were conducted with children aged 6 to 11 years, and proxy respondents reported
for children younger than age 5 years. Details of each dietary data collection method are
published elsewhere.18-22
Food composition information
Total energy intake—Dietary intake data from each survey period were linked to a food
composition database developed by the USDA with nutrient values corresponding to the
diets of individuals at the time of processing. For CSFII 1994-98, data was used from the
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Survey Nutrient Database which was maintained for use with nationwide food surveys. For
WWEIA, NHANES 2003-2004, 2005-2006, 2007-2008 and 2009-2010, data was used from
the USDA’s Food and Nutrient Database for Dietary Studies (FNDDS) which is used to
code, process and analyze the data assessed in the course of the WWEIA survey.23-27 Each
nutrient data base was derived from the USDA Nutrient Data Base for Standard Reference
(SR), versions 11, 18, 20 and 22.28
Energy from solid fats and added sugars—We used the USDA’s MyPyramid
Equivalents Database (MPED) to examine consumption of energy from solid fat and added
sugars. Multi-ingredient foods are disaggregated into their basic ingredients and the solid fat
and added sugars present in each ingredient are classified. MPED values for grams of solid
fat and teaspoons of added sugars were converted based on 9 kcal/g and 16 kcal/tsp,
respectively. MPED version 1.0 was used for CSFII 1994-98; MPED version 2.0 was used
for WWEIA, NHANES 2003-2004 and MPED version 2.0 addendum was used for
WWEIA, NHANES 2005-2006, 2007-2008 and 2009-2010.29-31
Food and beverage groupings
The food grouping system used for this study originated with the nine USDA food
groupings and then groupings were systematically disaggregated based on nutrient
composition, critical dietary behaviors and similarities in consumption patterns (e.g., ready-
to-eat cereals and savory snacks). In addition, select popular foods (e.g., pizza and
hamburgers/cheeseburgers) were classified as their own group. A total of 41 mutually
exclusive food groups and 12 beverages groups were created. Eight-digit food/beverage
codes assigned by the USDA to each item were linked to a designated food group to ensure
that foods and beverages were consistently placed in the same group across the six times
periods used in this study. Figure 1 provides a complete list of food and beverage groups.
With advances in dietary data collection and coding methods, the flexibility and specificity
of intake data has improved over time. During the collection and coding of dietary recall
data, individual food codes may be linked together using “combination” codes which allow
combining the nutritional information of individual foods that are consumed together at an
eating occasion. For example, sugar in coffee or food mixtures, such as a homemade burrito,
that is reported as separate ingredients: beans, cheese, lettuce and salsa, can be combined
into single food items. It is important to note that not all aggregated foods are captured by
this coding scheme. In order to describe consumption trends in comparable food and
beverage groupings over time, select combination codes relevant to the current research
question (specifically, beverages, corn and tortilla products, soups, and ice cream with
additions) were incorporated. For each of these examples, the nutrient content of every
individual item was summed into one combined food or beverage.
Statistical analysis
Dietary recalls (Day 1 only) for all 2-18 year olds with data on dietary intake variables of
interest were included in this analysis. Appropriate weighting factors were applied to adjust
for differential probabilities of selection and various sources of nonresponse.32 Mean intakes
of total energy, solid fat and added sugars from each food category were estimated as was
the contribution of solid fat and added sugars to total energy intakes. Trends are presented as
calories per capita per day. Differences were examined by age (2-5 years, 6-11 years and
12-18 years), race/ethnicity (Non-Hispanic White, Non-Hispanic Black and Mexican-
American) and family income (<130% of poverty income ratio, 130-350% of poverty
income ratio, ≥350% of poverty income ratio). To test for statistical differences between
years, we used independent 2-sample t tests. Differences were considered statistically
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significant at the p <0.05 level with Bonferroni correction.33Data analyses were conducting
using Stata (version 11.0, 2009, StataCorp, College Station, TX).
RESULTS
Sociodemographic characteristics of the analytic sample are reported in Table 1. There were
minor differences in the distributions of race/ethnicity and income over the surveys, the
greatest of which were an 8% decrease in the proportion of non-Hispanic Whites and 8%
increases in both the proportion of Mexican Americans and children from lower income
households between 1989-1991 and 2009-2010.
Total Energy Intake
The average daily intake of energy among all U.S. 2-18 year olds declined from 2003-2010,
decreasing from 2115 calories per day in 2003-2004 to 1914 calories per day in 2009-2010
(p< 0.05) (Table 2). In contrast, over the same time period average daily energy intakes
among 12-18 year olds, non-Hispanic Blacks and children from middle income households
did not decrease significantly.
Total Solid Fats and Added Sugars (SoFAS)
The intake of SoFAS as a percentage of total energy intake among U.S. children age 2-18
declined from 1994-2010, decreasing from 39% in 1994-1998 to 33% in 2009-2010
(p<0.05) (Table 2). The average daily intake of energy from SoFAS among U.S. 2-18 year
olds also declined over the same time period, decreasing from 797 calories per day in
1994-1998 to 646 calories per day in 2009-2010 (p< 0.05) (Appendix 1).
For most age, sex, race/ethnic and income groups, intakes of SoFAS remained stable from
1994-2006 and were significantly lower only in the 2007-2008 and 2009-2010 time periods.
Among select age (2-5y), sex (female), race/ethnic (Mexican-Americans) and income (low
income) groups the decrease in SoFAS intake began earlier such that SoFAS were
significantly lower in the 2005-2006 period as compared to the 1994-2004 period. The only
decrease in daily intake of SoFAS from 2007-2008 to the most recent period (2009-2010)
was among 6-11 year olds and males.
Solid Fats
Among all age, sex, race/ethnic and income groups solid fats accounted for a greater
proportion of total energy intake than did added sugars (Table 2). The intake of solid fat as a
percentage of total energy intake among U.S. children age 2-18 declined slightly from 21%
in 1994-1998 to 19% in 2009-2010 (p<0.05) (Table 2), however among 2-5 year olds no
change was observed.
The average daily intake of energy from solid fats among U.S. 2-18 year olds declined from
1994-2010, decreasing from 426 calories per day in 1994-1998 to 368 calories per day in
2009-2010 (Appendix 1). For most age, race and income groups intakes of solid fats were
significantly lower in the 2007-2010 periods as compared to the 1994-2006 periods. Among
select age (2-5y and 12-18y), and race/ethnic (Mexican-Americans) groups the decrease in
solid fat intake began earlier such that SoFAS were significantly lower in the 2005-2006
period as compared to the previous period. The only decrease in solid fat intake from
2007-2008 to the most recent period (2009-2010) was among 6-11 year olds. Little change
in solid fat intake was observed among females, with only the difference being lower
reported solid fat intakes in 2009-2010 as compared to 2003-2004.
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The main sources of solid fat intake (food groups with the highest mean intakes at each
survey period) among U.S. children age 2-18 were milk (including whole and reduced-fat
versions), grain-based desserts, pizza, cheese, processed meats and fried potatoes (Figure 2a
and Appendix 2). These sources varied by income and race/ethnic subgroups (Appendices 3,
4 and 5). Additional major contributors included dairy-based desserts among non-Hispanic
Whites, children from middle and higher income households and 6-11 year olds, tortilla- and
corn-based dishes among Mexican Americans, children from low-income households and
6-11 and 12-18 year olds and pasta dishes among 2-5 year olds and children from middle
income households.
Added Sugars
The intake of added sugars as a percentage of total energy intake among U.S. children age
2-18 declined considerably from 18% in 1994-1998 to 14% in 2009-2010 (p<0.05) (Table
2). The average daily intake of energy from added sugars among U.S. 2-18 year olds also
declined from 1994-2010, decreasing from 371 calories per day in 1994-1998 to 278
calories per day in 2009-2010 (Appendix 1). For most age, race/ethnic and income groups
intakes of added sugars were significantly lower in the 2005-2008 periods as compared to
the 1994-2004 periods. The only decrease in added sugars from 2007-2008 to the most
recent period (2009-2010) was among 6-11 year olds.
The main sources of added sugar intake (food groups with the highest mean intakes at each
survey period) among U.S. children age 2-18 were sugar-sweetened beverages (SSB), grain-
based desserts, candy and other sweet snacks, ready-to-eat cereals, dairy-based desserts and
sweeteners and syrups (Figure 2b and Appendix 2). In general these sources were consistent
across all income and race/ethnic subgroups. The few exceptions included flavored/
sweetened milk among children from low income families, Mexican Americans and 2-5 and
6-11 year old children as well as flavored/sweetened coffees and teas among children from
middle income families and 12-18 year olds (Appendices 3, 4 and 5).
DISCUSSION
Increasing global concerns regardingchild and adolescent diets have resulted in
recommendations to limit intakes of free (added) sugars and saturated fat.1 The US Dietary
Guidelines for Americans reflect these recommendations using solid fat in lieu of saturated
fat. The 2010 guidelines recommend that total SoFAS intake be limited to 5-15% of total
energy intake depending on energy needs.6 Despite recent declines in the percentage of total
daily energy intake from SoFAS (from 39% in 1994-1998 to 33% in 2009-2010), intakes
among U.S. children and adolescents still far exceed recommended levels. Of particular
importance, among 2-5 year olds the percent of energy intake from solid fats did not
decrease over the 15 year period.
To the authors’ knowledge this is the first report of trends in solid fat intakes among U.S.
children and adolescents. Intakes of solid fats only slightly decreased from 1994-2010 and
accounted for a greater proportion of total energy intake than did added sugars at all time
points. The observed decreases in added sugars intakes are supported by similar findings
from Welsh and colleagues of decreases in added sugars consumption in the U.S. between
1999-2000 and 2007-2008 among all U.S. children and adults (≥2 years). The current study
expands our understanding of added sugars, demonstrating that intakes have not decreased
in the most recent time period (from 2007-2008 to 2009-2010). Taken together, these results
suggest that the decreases in SoFAS intakes observed through 2007-2008 have leveled off
and that decreases have primarily been due to reductions in added sugars intakes.
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The main sources of SoFAS intakes over the 16-year period were SSBs, grain-based
desserts, candy, ready-to-eat cereals, dairy-based desserts, milk, pizza, cheese, processed
meats and fried potatoes. Other investigators have examined key food and beverage sources
of SoFAS in the U.S. diet. Bachman and colleagues assessed the key sources of SoFAS
among all persons aged 2 years and older using data from NHANES 2001-200234 and
Reedy and Krebs-Smith examined the key sources of solid fats and added sugars among
children and adolescents using data from NHANES 2003-2004.11 Although the food
groupings were slightly different, our analysis identified similar sources of SoFAS among
U.S. children and adolescents from 1994-2010.
More research is needed to understand why the observed declines in SoFAS intake among
U.S. children and adolescents may be occurring. Increased public dialog over the course of
the time periods under study heightened awareness of childhood obesity and healthy eating
across the U.S. Numerous initiatives focused attention on limiting the consumption of foods
and beverages high in unhealthy fats and added sugars. Several efforts sought to improve the
dietary quality of school feeding programs and to remove food and beverage sources of
SoFAS from U.S. child care settings, school cafeterias and school vending machines.35
There were also increases in U.S. state-level taxes on snack foods, soda, and other
sweetened beverages during the time periods under study.36 Finally, the role of private
sector efforts to reformulate food and beverage products37, 38 has not yet been seriously
evaluated; however a recent case study of the two largest and most influential sweetened
beverage producers suggest a shift toward water and reduced calorie beverage purchases.39
Whether the observed declines in SoFAS intake among U.S. children and adolescents reflect
a true downward trend (due to heightened awareness of pediatric overweight and initiatives
to improve diet) or recent economic shifts (including increases in global food prices and the
Great Recession), cannot be inferred from this study. In ongoing but as yet unpublished
research, our team is examining sales and purchases of consumer packaged goods foods and
beverages from 2000-2011. Unreported results suggest that declines in purchases of
important sources of SoFAS in the U.S. began prior to the Great Recession of 2007-2010.40
While the current analysis captures the past 15 years, it misses the major shifts that occurred
in American diets prior to 1994. Previous work from our research group with earlier dietary
data showed that national consumption rates of caloric sweeteners increased from 13% of
total energy in 1977–1978 to 16% of total energy in 1994–199641 and again to 18% by
1999-2000.42 Combined with findings from Welsh and colleagues national added sugars
consumption subsequently decreased to a low of 14% of total energy in 2009–2010. These
data demonstrate that the consumption of added sugars peaked in the early part of the
decade, declined steadily through 2007-2008 and has remained relatively stable from
2007-2008 through 2009-2010. Previous literature also documents increases in total energy
intakes, portion sizes and snacking from the 1970’s to the 1990’s among U.S. children and
adolescents as well as increases in energy intake from specific sources such as pizza and
SSBs.43-45
Recent research from Brazil reveals even greater SoFAS intakes among Brazilian
adolescents (saturated and trans fats were assessed as a proxy for solid fats).46 Using a
nationally representative survey and methods comparable to those used in this study, Pereira
and colleagues observed that 54% of total energy intake reported by Brazilian adolescents
was from SoFAS. Meats were the main contributor of saturated and trans fats and beverages
were the main contributor of added sugar in the Brazilian adolescent population. Studies on
SoFAS intakes from other countries could not be found though there is an extensive
literature demonstrating increases in added sugar and sugar-sweetened beverage intakes
across the globe.39, 47-50
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The current results, while highlighting a recent decline in added sugar intake among US
children, show that the average US child still consumes approximately 268 kcal/d of added
sugar, with SSB’s being the primary source. Evidence suggests that SSB consumption is
associated with risk of diabetes.51 Reduced consumption of SSBs has been shown to be
associated with reduced weight gain and fat accumulation in normal weight children 52 and
reduced BMI gain in overweight and obese children.53
There is less literature and understanding of the role of excessive solid or saturated fat intake
during childhood. The long-term STRIP study compared children fed low-fat and high fat
milk from 6 months of age onwards and found increased risk of many cardiometabolic
problems linked with the high fat milk.54, 55 We can assume that saturated fat in any food
source would have a comparable effect.
Several cautions are noted to aid in the interpretation of our findings. The definition of
added sugars in the MPED database does not include fruit juice concentrate as an added
sweetener. We have previously shown that 7% of food and beverage products purchased by
U.S. households in 2005-2009 contained fruit juice concentrate.56 Consequently, estimates
of added sugars intakes based on the MPED definition are likely an underestimate of the true
intake of added sugars. Because respondents are different from one set of survey years to
another, identification of trends can be inferred but not confirmed.
Dietary intake assessment methods and food composition information have improved
significantly over time. Although data presented are based on the first day 24-h recall from
all surveys, the recall methodology was modified to include the USDA’s AMPM in
WWEIA-NHANES surveys. While validation studies of the AMPM have not been
conducted in children validation studies in adults have shown the AMPM improved
completeness of the recall.17 As such, it is possible that the observed increases in SoFAS
intake from 1994-2004 are an artifact of the more complete capture of the data.
Despite improvements in dietary assessments methods, research suggests that collecting
reliable and accurate dietary data from children and adolescents remains difficult.57, 58
Underreporting of intake has been associated with factors such as age, race/ethnicity and
body weight status,57-61 and underreporting appears to be greatest among unhealthy foods or
foods perceived to be related to obesity.61-63 While we note that available dietary intake
methods are considered to be capable of providing unbiased estimates of energy intake at the
population level, it remains possible that with heightened awareness of pediatric overweight
and obesity, the observed decreases are a result of the population’s differential
underreporting of dietary intakes of SoFAS that may be perceived negatively. This may
especially be a concern among the younger age groups where intake data are collected by
proxy report (2-5 year olds) or through proxy-assisted interviews (6-11 year olds). It is also
possible that those providing proxy reports unintentionally underreport because they do not
observe meals and snacks consumed outside of the home (e.g., in child care settings).
Participation in organized child care, day care centers, nurseries and preschools has
increased slightly from 41% of preschool-aged children in 1999 to 43% of pre-school aged
children in 2010.64, 65 We have no reason to believe that this increase would result in
sufficient changes in unintentional underreporting to explain the observed decreases in
SoFAS intakes among young children. Further, while methods for critically examining mis-
reporting of nutrient intake data have been advocated,66, 67 these methods were developed
for adults. Because of the complexities related to development and growth there is not yet a
standard approach to examine mis-reporting in children and adolescents though research in
this area is growing.68, 69 Finally, we acknowledge that the methods used in this analysis to
estimate the mean of the population distribution of usual dietary intakes from 24-hour recalls
assume lack of bias in reporting.
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Although the consumption of solid fats and added sugars among children and adolescents in
the United States decreased between 1994–1998 and 2009–2010, mean intakes continue to
exceed recommended limits by 18 to 28% of total energy intake.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Major sources of solid fats and added sugars among children and adolescents in the United
States (2-18 years) from 1994-2010a
a Data sources: Data from the Continuing Survey of Food Intakes by Individuals (CSFII) of
1994-1998 (n=8,259), What We Eat in America (WWEIA) National Health and Nutrition
Examination Survey (NHANES) 2003-2004 (n=3,435), WWEIA, NHANES 2005-2006
(n=3,652), WWEIA, NHANES 2007-2008 (n=2,594), WWEIA, NHANES 2009-2010
(n=2,763).
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